Thirty-five samples from Hole 778A were prepared for X-ray diffraction (XRD) mineralogical analyses and for chemical analyses of major and trace elements. Most of the selected samples were silt-and sand-sized sedimentary serpentinites or microbreccias except for a soft clast of mafic rock, a hard clast of massive serpentinized peridotite, and a pebble of consolidated, undeformed serpentine microbreccia that contained planktonic foraminifers. Both mineralogical and geochemical analyses allow discrimination of three groups among the analyzed samples. These groups correspond to three stratigraphic intervals present along the drilled section.
INTRODUCTION
SeaMARC II surveys in the Mariana forearc domain (Fig. 1 ) have shown that Conical Seamount and is characterized by a relatively rough topography and the development of numerous small ridges and fractures ( Fig. 2) . The most spectacular features are the occurrence of highly reflective zones, with more or less sinuous outlines, which have been interpreted as viscous, cold flows of unconsolidated, fine-grained serpentine Fryer et al., 1985; . At a smaller scale, in-situ observations during dives of the submersible Alvin showed these flows to be composed of unconsolidated serpentine muds having clasts of serpentinized ultramafic rocks and associated mafic rocks. Additional information such as data obtained along vertical sections in the flanks of the seamounts is necessary to discuss the details relative to the kinematics and to the processes of emplacement of the serpentine flows.
Three holes drilled in the flanks and at the summit of Conical Seamount during Leg 125 provide new, crucial data relative to the vertical stratigraphy, structure, mineralogy, and geochemistry of the serpentine formations capping .the seamount. These data clearly demonstrate that the flanks of the seamount consist of ultramafic material, mostly serpentinite mud, silt, or sand, with a sedimentary fabric, carrying various ultramafic or "exotic" blocks. Analyses of the tectonic fabric of the serpentine formations lead us to confirm the presence of viscous flows on the flank of the seamount (ODP Leg 125 Scientific Party, 1989) . But this conclusion remained questionable because some of the tectonic features described from the cores could be drilling disturbances.
Onshore studies thus are needed to confirm or to discuss the processes of flow. We report on mineralogical and geochemical data obtained from 35 samples collected along the 107.6-m-deep section recovered at Site 778. These data are essential because they place new constraints on the evolution of the ultramafic material on the flanks of the seamount. A discussion of the flow mechanisms is presented, based on both mineralogical and geochemical data presented here, with references to the lithology and to the tectonic fabric of the rocks as reported in Reports and as briefly summarized below. 
SUMMARY OF MAIN RESULTS OBTAINED AT SITE 778 AND BRIEF DESCRIPTION OF THE SAMPLES
The analyzed samples come from Hole 778A; sample numbers carry the prefix 125 for leg number and 778 A for hole number. In text, for convenience, we shall refer to samples using a simple identification. Sample numbers used here range from 1 to 34 (from top to bottom of the hole), the corresponding ODP numbers are reported in Table 1 .
The 107.6-m-thick stratigraphic section recovered at Site 778 on the flank of Conical Seamount (Fig. 3) has been divided into two lithologic units. Criteria used to discriminate between lithologic Units I and II are essentially fabric criteria. Rocks from Unit II are serpentine breccias with a well-defined layering and spectacular shear structures. Color variations at a scale of a few millimeters to a few centimeters, along with variations in the density of millimeter-to centimeter-sized clasts define a crude layering. Anastomosing small-scale shear zones define shear lenses or "phacoids" (Fig. 4) . These rocks also show convolute plastic folding of the sedimentary bedding (Fig. 5) . By contrast, rocks from Unit I are devoid of post-depositional deformation structures. They consist of almost homogeneous clay-sized serpentine. In addition, the sedimentary serpentinites from Unit I are characterized by the presence of numerous aragonite needles, up to 1 mm long. This mineral, which is not stable under normal conditions at that depth also has been described in samples recovered by submersible surveying of Conical Seamount (Haggerty, 1987) . It has been suggested that aragonite may result from migration of fluids other than normal seawater, for instance, fluids that vent from serpentine seamounts (Haggerty, 1987) .
Both sediments from Units I and II contain pebbles and blocks of ultramafic, mafic, and other types of clast that occur either as inclusions in the sedimentary serpentine or as isolated fragments. Clast sizes range from about 15 cm to less than 1 mm. Shapes are rounded to subrounded. Most of the clasts are jacketed with sheared serpentine clays. Although ultramafic rocks are dominant, the lithology of the clasts is variable. The most abundant clasts are serpentinized, tectonized harzburgites and subordinate dunite (80%). The remainder are variably metamorphosed metabasalts (15%) and other types, including foraminifer-rich, serpentine, undeformed microbreccia (in Section 125-778A-4R-1), siliceous, coarse-grained, red rock, possibly chert (in section 125-778A-6R-1), gabbro, amphibolite sandstone (probably metasedimentary), and volcaniclastic rock (in lowest Core 125-778 A-13R). The metabasalts show either a felted texture with now-altered Plagioclase laths in a fine-grained groundmass or typical quench-texture with skeletal plagioclases and spinifex pyroxenes. This latter texture indicates that the metabasalts have been emplaced on the seafloor or at a very shallow level in the crust. Geochemical analyses of the metabasaltic clasts enclosed in the sedimentary serpentines of Conical Seamount reveal that these rocks belong to different geochemical groups (Johnson, this volume) . Island-arc tholeiite (IAT) and volcanic rocks having boninitic affinities were the primary types recovered from Sites 778, 779, and 780, and few fragments with mid-ocean ridge basalt (MORB) and more alkalic compositions were also recovered (Johnson, this volume) . Basaltic lavas recovered from dredge hauls located very close to the seamount along walls of a graben also show different composition in relationship with different magma sources . In the basal part of the hole, mafic, commonly oxidized (reddish) fragments of small size (around 1 mm) become abundant. In Cores 125-778A-12R and 125-778A-13R, contorted, brown-red layers, some up to a centimeter thick, contain abundant red (mafic?) clasts.
The occurrence of numerous exotic blocks of various lithologies and from diverse origins (mantle-derived rocks, mafic plutonic, and volcanic of diverse geochemical affinities; sedimentary and volcano-sedimentary rocks) is one of the basic characteristic of Hole USA. Such characteristic were also found at other drill sites on Conical Seamount (Johnson, this volume) . This feature places a major constraint on the understanding of the mechanism responsible for the formation and evolution of the seamount.
All 13 cores of Hole 778A, except Cores 125-778A-3R and 125-778A-10R, were sampled. Most of the selected samples are silt-or sand-sized sedimentary serpentinites or microbreccias. Samples 1 to 15 belong to lithologic Unit I and Samples 16 to 35 belong to lithologic Unit II. Analysis 11 is from a soft, green clast in a serpentine microbreccia. This clast shows geochemical affinities with mafic rocks. Analysis 14 is from a hard clast of massive serpentinized peridotite. This analysis will be used as a reference for the composition of parent rock. It is similar to that of other clasts of massive ultramafics from Sites 778, 779, and 780. Analysis 15 is from a pebble of consolidated, undeformed, serpentine microbreccia containing numerous (10%) planktonic foraminifers of Pleistocene age (absolute age approximately 1.45 Ma, Zone N22 according to determinations conducted on board the ship and on shore; G. Milner, pers. comm.,1990 ; this age is confirmed by the nannofossils present in the sample). This rock also shows numerous millimetric spherolites that are composed of aragonitic, radial needles.
Based on their texture, two main types of rock can be defined among the samples selected. These types correspond to the types defined in lithologic Units I and II. The first type (Samples 1 to 13) includes samples of very soft, hydrated material that may have been soupy in the first cores. These samples show no peculiar post-depositional structure and consist mostly of serpentine mud (now consolidated) in which rounded, centimeter-to decimetersized clasts of mostly serpentinized peridotites are present. The second type (samples 16 to 35) corresponds to more deformed, and locally more consolidated material referred to as "phacoidal" sheared serpentinite in Leg 125 site reports . In thin section, selected samples from this latter type show a typical brecciated texture with millimeter-sized clasts of serpentine with various textures, isolated crystals (including more or less serpentinized pyroxenes), spinel fragments, and magnetite aggregates, all of which are enclosed in a matrix composed of an assemblage of serpentine flakes. In some of these samples a well-developed shear fabric is present. The serpentine clasts are plastically deformed and exhibit a typical, lens-shaped habit. The deformed clasts are characterized by asymmetrical tails related to deformation, with a simple shear component. The matrix of the breccia is also cross-cut by numerous small-scale shear planes. Because of the weak, preferred orientation of these tectonic markers, no homogeneous sense of shear can be clearly defined in the samples, even those in which three sections in three different planes have been prepared. In this second type of sample, the clasts are generally 1 mm in their longest dimension. In a few cases only, the longest dimension of clasts reaches 4 to 5 mm.
SAMPLE PREPARATION AND ANALYTICAL METHODS
The selected samples were recovered from the cores when they were not totally dehydrated. They were simply cut using a knife or directly sampled with sampling boxes. Later, we found it necessary to use a saw to cut all the samples collected. The difficulty in cutting the samples on shore indicates that the rocks initially contained a considerable amount of interstitial water. Porosities measured on board were high, generally in excess of Major-and trace-element compositions including Li, Rb, Sr, Ba, V, Cr, Co, Ni, Cu, and Zn were determined using atomic flame emission and atomic absorption spectrophotometry. The mineral assemblage was determined by X-ray diffraction on powdered samples using a Philips PW1710 diffractometer. Unoriented powders were run between 3° and 65°2 0 at 40kV/20 mA, using CuKα radiation, Ni filter, and 0.01°/s scan speed.
Microprobe analyses were performed using the automatized microprobe "Ouest" (IFREMER-UBO, Brest) or an EDS microprobe (Tracor system) coupled to the scanning electron microscope JEOL JMS840 (Strasbourg).
MINERALOGY OF THE SERPENTINE SEDIMENTS
X-ray diffraction data from bulk rocks are reported in Table 1 . The mineral assemblage contains serpentines, clay minerals, carbonates, Fe-oxyhydroxides, and mafic minerals, in variable proportions. The large amounts of secondary halite of the uppermost soft samples confirm their large water contents. The specificities of these minerals and the significance of their occurrence and association are discussed below.
Serpentine minerals dominate all the samples. Although the routine XRD method used does not allow the crystallographic characteristics and polytypes of the serpentine phases to be specified accurately, the position of the main peak, which is related to the chemical composition of serpentine, gives information about the type of analyzed mineral. Within the serpentine mineral group that comprises three sets of solid solutions between lizardite, chrysotile, and antigorite, the named Al-serpentines (with high Al octahedral substitutions and close to the antigorite pole) are characterized by a reflection at 7.17-7.09 Å, and the Mg-serpentines (such as the chrysotile and lizardite end-members) by their main peak located above 7.31 Å (Whittaker and Zussman, 1956; Page, 1968; Mumpton and Thompson, 1975; Wicks and O'Hanley, 1988) . Detailed crystallographic identification of the serpentine minerals must be made on separated fractions by specific XRD, TEM-STEM techniques. Such detailed mineralogical analyses are not the main topic or objective of this study.
The main peak position of serpentine from Hole 778A samples ranges between 7.15 and 7.29 Å, with a more frequent position at 7.23-7.25 Å; they show also a well-formed doublet at 2.49-2.44 ± 0.01Å. Thus, the serpentine phase appears to be close to the lizardite type such as an Al-Mg serpentine. The main peak intensities, as relative peak heights, may be ascribed to the relative amount of the mineral within the sample: the lowest values are for Sample 11, which is a mafic clast, and for the deepest samples in the hole.
Sepiolite is found downward in the hole, in the last four samples and in Samples 27 and 28. Palygorskite occurs only in Sample 29. These fibrous Mg-minerals have been ascribed to the alteration of serpentine minerals. In the deep-sea realm, the reactions between hydrothermal solutions, seawater, and volcanic or mafic material are often proposed for sepiolite and palygorskite genesis (Hathaway and Sachs, 1965; Bonatti and Joensuu, 1968; Bowles et al., 1971; Bonatti et al., 1983; McKenzie et al., 1989) . Palygorskite, together with authigenic smectites, is known to be formed in-situ by seawater-serpentinite interactions in areas exposed to halmyrolysis for a long time (probably more than 100 Ma in the case of the Galicia margin, Karpoff et al., 1989) .
Chlorite is found as a relatively abundant component in some samples from the bottom of the hole (Samples 25 to 28 and 31-32) and as a trace component in a few samples from the upper part. Chlorite is associated with smectites in Samples 27, 28, and 32. Chlorite is a component of the paragenesis of the serpentinites that were transformed by alteration or hydrothermal processes (Bonatti et al., 1973 ; Kimball et al.,1985) .
Aragonite is present in the upper Hole 778A samples (1-13) and appears to be restricted to the lithologic Unit I. This observation confirms' the previous discrimination between Units I and II and the hypothesis of Haggerty (1987) that aragonite needles develop preferentially in the uppermost levels of serpentine seamounts. Trace amounts of aragonite also occur in the foraminifer-rich serpentine microbreccia (Sample 15). The aragonite exhibits atypical X-ray diffraction patterns with a slight shift and an inversion of the intensity of two main peaks: the 3.40 Å peak goes to 3.385 Å and the doublet at 2.10-1.98 Å goes to 2.09-1.97Å and becomes very sharp. The occurrence of aragonite is correlated with the high strontium to calcium ratio of the bulk rock (see below). A preliminary microprobe investigation conducted on isolated needles of aragonite indicates 1.6 wt% Sr in aragonite. These characteristics, together with isotopic characteristics (Karpoff et al., unpubl. data) , have to be compared to those of biogenic marine aragonite, which is an unstable carbonate phase at that water depth. Further analyses could specify the conditions of formation of aragonite during and after the serpentinization processes. The well-known main factors favoring aragonite precipitation are the presence of Mg and other cations such as Sr in solution, high pH and high temperature. Aragonite is described in serpentinized peridotites from fracture zones (Bonatti et al., 1980) and from the mid-Atlantic ridge axis (Bougault, pers. comm., 1991) . Authigenic well-crystallized needles of aragonite were found in manganese crusts from hydrothermal deposits of an axial deep of the northern Red Sea (Karpoff et al., 1988) . Aragonite is also found in mid-Atlantic ridge hydrothermal fields as the last product of the interaction between biogenic oozes and hydrothermal fluids (Lalou et al., 1990) . The authigenic aragonite in serpentine sediments from Hole 778A might be a product of seawater-serpentine interactions under temperature conditions that are probably different and slightly higher than those of the bottom water.
Calcite is a minor or trace component of most of the samples from the lower part of the hole. In contrast, Fe-oxyhydroxides such as hematite and goethite are found in samples from the upper part of the section.
A Brindley and Brown, 1980) . In this mineral group, which has a brucite-like structure and polytypes, cation substitutions are numerous, and the CO 3 may be NO 3 , SO 4 , Cl, or C1O 4 Therefore, these diffraction patterns may be those of a chloride phase. In fact, Heling and Schwarz (this volume) attribute similar patterns (8.045 and 3.985 Å to a different oxychloride mineral, the iowaite [Mg 4 (OH) 8 , FeO Cl n H 2 O]. The complexity of the mineral family of magnesian hydroxy-carbonates, -sulfates, -chlorides, and -perchlorates involves shifts of the position of the diffraction peaks in a wide range between those of the pure end-members. Characterization of the specific hydroxycarbonates requires detailed studies (i.e., Miyata, 1975; Brindley and Kikkawa, 1979; Taylor and McKenzie, 1980; Taylor, 1984) beyond the scope of this paper. Mg-hydroxycarbonates are the product of hydrothermal alteration of mafic material (Schmitz et al., 1982) and may represent precursors of serpentine and smectite in the alteration of basaltic glasses (Crovisier et al., 1987; Crovisier, 1989 , and references therein). The occurrence of this phase in Hole 778A samples negatively correlates with the aragonite and Fe-oxyhydroxides. Such a relationship may reflect various steps in the Mg-Ca-Fe-CO 2 -OH system through the serpentinization sequence.
Accessory minerals include relict igneous phases as well as authigenic minerals. Plagioclases (mafic clast, Sample 15) or amphiboles and pyroxenes occur in some samples from the lower part of the section. Authigenic minerals, hydrogrossular and epidote, were identified during shipboard studies. Hydrogrossulars ranging from 100 to 500 m in size form aggregates and spherolites less than 1 mm wide that are scattered within the serpentine matrix. Microprobe analyses of hydrogrossular are reported in Table 2 .
The composition of the hydrogarnets is similar to that of hydrogrossular with high Ca, Si, and Fe contents. No clear evolution could be shown between the core and the rim of one large (500 m) crystal. Hydrogarnets are common in modern and ancient ultramafic sediments or igneous rocks that have undergone metasomatism in an ultramafic environment (rodingites). Hydrogrossular has been reported from sedimentary and igneous rocks dredged along the walls of some Atlantic fracture zones: Vema, Romanche (Honnorez and Kirst, 1975) ; Vema fracture zone median ridge (Lagabrielle et al., unpubl. data) . Hydrogarnets are also abundant in serpentine microbreccias forming part of the initial sedimentary cover of the Chenaillet Jurassic ophiolites in the French-Italian Alps (Chéreau, pers. comm, 1990) and in many serpentinite bodies of other Alpine ophiolites. In summary, the XRD results from bulk samples allow us to distinguish three groups among the samples collected. Samples 11,14, and 15, which are not typical serpentine sediments, are not considered. These groups correlate with depth down section. All samples from the three groups contain primarily serpentine minerals.
The first group, which includes Samples 1-13, is characterized by the presence of aragonite, hematite, or goethite, and halite. Few accessory minerals are present (chlorite and epidote). This assemblage implies oxidizing conditions for the chemical reactions between serpentine and seawater and/or deep fluids moving upward. These reactions appear to be characterized by the removal of calcium and strontium into an alteration byproduct, such as aragonite.
The second group, which comprises Samples 16-26 is characterized by homogeneous compositions. Hydroxycarbonates, calcite, chlorite, and hydrogrossular are present together with serpentine. These rocks have a high serpentine content and are poor in accessory minerals.
In the last group, composed of Samples 27-35, the serpentine content appears lower and correlative to the occurrence of sepiolite or palygorskite (Sample 29). Chlorite has been replaced by chlorite-smectite, interlayered, clay mineral. Traces of calcite are present. Accessory igneous minerals become more abundant. These samples have a less "ultramafic" composition as indicated by the occurrence of sepiolite with a higher Si/Mg ratio than that of serpentine minerals (Si/Mg =1). These characteristics could result from a high degree of alteration of serpentine, leading to the development of sepiolite and palygorskite, or from an intimate admixture of an ultramafic and a mafic source, or both.
GEOCHEMISTRY OF THE SERPENTINE SEDIMENTS
Mineralogical studies and geochemical analyses conducted on samples from both marine and nonmarine environments indicate that differences between sedimentary rocks and their parent rocks are not always significant. Some differences are best expressed by whole-rock geochemical analyses and generally show increases in CaO, A1 2 O 3 , SiO 2 , and Fe 2 O 3 contents in sedimentary serpentinites with respect to serpentinized peridotites, and reflect nonultramafic cement of the sediment or the presence of "exotic" elements such as mafic rocks or other sedimentary rocks (Lockwood, 1971a (Lockwood, , 1971b Bonatti et al., 1973) . Whole-rock analysis allows one to demonstrate that detrital material from various sources has been incorporated in the primary sedimentary material (Lagabrielle and Polino, 1985) . We apply this method by comparing the chemical composition of the selected samples with that of their "parent" rocks, the massive serpentinized peridotites found as blocks at Sites 778 and 779. We attempt to determine by chemical investigations whether some intervals of the drilled section show a relative heterogeneity, as suggested already by the presence of numerous exotic clasts of various origin scattered within the serpentine breccias.
Major-Element Geochemistry
The geochemical data (Table 3) are derived from the same set of samples studied above. Analysis of Sample 12 is presented but will not be used for discussion because of an anomalously high ZnO and Fe 2 O 3 content (up to 10% ZnO), probably in relation to contamination by paint particles from the ship.
SiO 2 content varies from about 31% to less than 44%. The highest values are found in Samples 27 to 35 from the bottom of the hole (Fig. 6 ). Titanium contents, not shown on Figure 6 (see Table 3 ), are always low, except in Sample 11 (TiO 2 = 1.30%, a value typical of mafic volcanic rock) and in Samples 27, 28, and 32 to 35 from the bottom of the hole where values of 0.5% to 0.84% are present. Similarly, A1 2 O 3 contents are generally low, with the exception of the mafic clast (Sample 11, A1 2 O 3 = 12.88%), Sample 15 and Samples 27-28 and 32 to 35 from the lower part of the hole. Fe 2 O 3 contents range from 5.84% to 10.31%, the highest values are found in Samples 11, 27, 28, and 32 to 35. MgO contents are similar to SiO 2 contents, except in Samples 11 (mafic clast), 15, 27 to 28, and 32 to 35. CaO contents correlate with alumina content, with the exception of the upper samples (1, 2, and 6 to 10), where CaO contents may vary from 4.08% to 9.34% (Fig. 6) . SiO 2 /MgO ratio for all the samples is remarkably constant (very close to 1) except for a group of samples from the bottom of the hole (27 to 35) (Fig. 7) . Similarly, the massive serpentinized peridotites recovered as clasts in Holes 778A (see, for example, analysis 14) and 779A also show a constant SiO 2 /MgO ratio with values close to 1 (Fig. 8) .
LOI (loss on ignition) values vary from 10% to nearly 20%, which are values commonly encountered in highly serpentinized rocks. As shown in the diagram in Figure 9 , LOI and SiO 2 contents present a clear negative correlation. This correlation is similar to that shown by the clasts of massive serpentinized peridotites from Sites 778 and 779. Three groups can be distinguished based upon the LOI values of the selected samples (Fig. 10) . The upper samples (1-10: Group A) show the highest LOI values. These values are somewhat higher than in massive serpentinized igneous peridotites from Conical Seamount, where LOI values do not exceed 18% . These samples also present the highest CaO contents and are characterized by the occurrence of aragonite needles. Therefore, the high LOI values in these samples can be inferred both to loss of water linked to serpentine minerals and to loss of CO 2 from carbonates. The second group (Samples 16-26: Group B) is characterized by homogeneous values (average 14%) typical of massive serpentinized rocks. The third group (analyses 27 to 35: Group C) shows lower LOI values (less than 13%) in relation to higher SiO 2 , Fe 2 O 3 A1 2 O 3 and CaO contents and lower MgO contents. We may conclude that the lower LOI values that characterize this group are related to a lower amount of serpentine present in the samples. This confirms the conclusions of the mineralogical investigation presented above. Discriminations based upon LOI values can be retrieved using other major elements. In the SiO 2 vs. MgO diagram, three fields corresponding to the three different groups of composition defined above can be distinguished (Fig. 11) . Field A includes analyses that plot along the line MgO = SiO 2 with low silica and magnesium contents. Field B contains a group of almost uniform SiO 2 vs MgO, with relatively high Mg and Si content. These analyses plot in the field of massive serpentinized peridotites from Conical Seamount. Analyses from Group C are characterized by high SiO 2 contents and low to very low MgO contents, with a negative SiO 2 /MgO correlation.
The behavior of major elements with respect to silica and magnesium contents can be visualized using a series of diagrams showing the ratio SiO 2 /MgO vs. other major-element contents (Fig. 12) . These diagrams allow one to discriminate clearly the analyses of Group C. This group of samples is characterized by a positive correlation between SiO 2 /MgO and A1 2 O 3 , CaO, Fe 2 O 3 , Na 2 O, TiO 2 , and MnO. This confirms that the silica enrichment and the low MgO content that characterize this group of samples are linked mainly to aluminum, calcium, iron, and titanium enrichment. These geochemical characteristics can be explained by the presence of mafic components (isolated minerals or lithic fragments) within the ultramafic sediments. In the SiO 2 /MgO vs. A1 2 O 3 , Fe 2 O 3 , Na 2 O, TiO 2 , and MnO diagrams, analyses from Groups A and B plot in a restricted field with SiO 2 /MgO values close to 1.
In the SiO 2 /MgO vs. CaO diagram, analyses from Group A plot along a subhorizontal line, indicating that samples show calcium enrichment without modification of the SiO 2 /MgO ratio; in other words, calcium is simply added to the ultramafic component. Such a characteristic is linked to the occurrence of aragonite crystals within the serpentine muds. K 2 O content is relatively high in samples from Groups A and C, probably in relation to seawater interactions (Group A) and to mafic contribution (Group C). In contrast to the results presented here, analyses of massive, serpentinized peridotite clasts recovered at Sites 778 and 779 (see tables from site reports, for Sites 778 and 779, in Fryer, Pearce, Stok- ).
king, et al., 1990), do not show significant major-element content variations (A1 2 O 3 content is lower than 1.1%, Fe 2 O 3 content ranges from 5.6% to 9.2% and CaO content is generally lower than 1%).
Trace-Element Geochemistry
Trace-element concentrations are reported in Table 4 . Chromium and nickel concentrations in the serpentine sediments are high, but are lower than in massive serpentinized peridotites (Fig.  13) , indicating that Cr-bearing minerals (such as spinels) have not been concentrated within the sediments. Barium is high in some samples from the upper part of the hole. Vanadium correlates with titanium. Strontium is high in Samples 1-15 (Group A) and L0I(% (Karpoff, 1989) . This suggests that strontium was concentrated from seawater during the precipitation of aragonite. The diagrams in Figure 15 show a negative correlation between A1 2 O 3 content and chromium and nickel concentrations and confirm the . Analyses of geochemical Group B samples fall in this field.
abundance of "mafic" elements (a characteristic of Group C samples) correlates with a lower concentration in trace elements from an ultramafic source. Finally, the third group of analyses (recognized on the basis of high A1 2 O 3 , CaO, Fe 2 O 3 , TiO 2 , etc.) contents can also be discriminated on the basis of trace-element concentrations.
SUMMARY AND CONCLUSIONS
The results of both bulk-rock mineralogical (XRD) and geochemical investigations yielded remarkably similar conclusions. Both allow one to distinguish three groups among the selected samples. These groups correspond to three stratigraphic intervals present along the drilled section. Group A contains the upper samples, found in Cores 125-778A-1R and 125-778A-2R (lithologic Unit I). They consist of clay-and silt-sized, poorly consolidated serpentinite with hard-rock clasts (serpentinized peridotites, metabasalts). They are characterized by the following mineralogical assemblage: serpentine, Fe-oxides and hydroxides, aragonite, and halite. Geochemically, they show variable SiO 2 and MgO contents, but are characterized by a SiO 2 /MgO ratio close to 1. CaO content is high in relation to development of aragonite, explaining the low Si and Mg concentrations. A1 2 O 3 content is low. Relatively high K 2 O, Na 2 O, and Sr contents are present, presumably related to interactions with seawater.
Group B contains samples showing homogeneous chemical and mineralogical compositions. Samples from this group are found in Cores 125-778A-5R -125-778A-9R (lithologic Unit II); that is from about 30 to 77 mbsf. They consist of serpentinite microbreccias that exhibit frequent shear structures and hard-rock clasts (serpentinized peridotites, metabasalts, one possible chert fragment). Their mineralogy is characterized by the presence of serpentine and authigenic minerals: hydroxycarbonates and hydrogrossular. Calcite and chlorite are also present, but all the samples lack aragonite. They show chemical compositions remarkably similar to compositions of their parent rocks. Contents of major-and trace-elements are indeed similar to those of serpentinized peridotites found as hard-rock clasts in Sites 778 and 779.
Group C contains samples present in Cores 125-778A-11R, 125-778A-12R, and 125-778A-13R. Here, the silt-and sand-sized serpentine sediments and microbreccia are locally rich in red clasts, probably strongly altered (oxidized?) mafic fragments. Intervals having clasts of more diverse origin than those in the upper section were recovered. Clast lithology includes serpentinized peridotites, metabasalts, metavolcaniclastite, meta-olivine gabbro, and amphibolite sandstone. The mineralogy and geochemistry are a reflection of these characteristics. Serpentine content of the samples is lower than in previous groups. Correlatively, sepiolite, palygorskite, and chlorite-smectite are mineral phases present in the analyzed samples. Accessory igneous minerals (amphiboles, pyroxenes, hematite) also were found. The chemical compositions of most of the samples from this group are not similar to that of massive serpentinized peridotites. The main differences are higher SiO 2 , CaO, TiO 2 , and A1 2 O 3 contents; a SiO 2 /MgO ratio greater than 1; a positive correlation between A1 2 O 3 and CaO, Fe 2 O 3 , TiO 2 , Na 2 O, MnO, K 2 O; and a negative correlation among A1 2 O 3 , MgO, Cr, and Ni.
According to these results, the stratigraphy of Site 778 can be completed by adjunction of two subunits within Unit II. Subunit IIA should correspond to rocks from Group B defined here, Subunit HB should include Group C samples.
Group B samples can be interpreted as pure sedimentary serpentinites with composition strictly reflecting the composition of their parent rocks (Fig. 16) . Samples from Group A resemble Group B samples, but are characterized by development of aragonite and iron oxides. They can be regarded as pure sedimentary serpentinite s that underwent further evolution in the upper level of the seamount, where they have been (and are presently) subjected to interactions with seawater and possible deep fluids. Analyses of Group C samples differ from analyses of the parent rocks. The corresponding samples can be considered as the result of the admixture of fine-grained ultramafic sediments with mafic components: lithic fragments of strongly altered igneous rocks or isolated minerals (pyroxenes, amphiboles, and plagioclases). The mafic contribution can be estimated assuming, for example, that the total titanium originated from mafic volcanic clasts with an average of 1.6% TiO 2 . In Sample 32, where TiO 2 content is 0.8%, the mafic contribution should be 50% by volume, but local concentration of titanium-bearing minerals within some samples must be considered. Other estimates, based upon other elements, lead to estimated values of about 15% for the mafic contribution. The polymict character of the sedimentary serpentine-rich formations drilled at Site 778 is clearly evidenced at the scale of the entire section, when considering the various lithologies of the clasts incorporated within the serpentine. "Exotic" blocks include mantle-derived rocks, mafic plutonic and volcanic rocks of diverse geochemical affinities, sedimentary rocks, and volcano-sedimentary rocks. Our study confirms that this polymict character can be determined locally at a much smaller scale. These data cannot help one to determine definitively whether the serpentine material now exposed on the flank of the seamount originated from a deep conduit that crosscuts the forearc basement or from a shallower source, such as an ultramafic basement exposed over a broad region by large-scale normal faulting in the forearc (Leg 125 Scientific Party, 1989) . But some new constraints must now be considered in any model accounting for the superficial evolution of the flanks of Conical Seamount.
A major limit is present between Subunits IIA and HB that corresponds to the boundary between lower, ultramafic sediment showing a significant contribution from a fine-grained mafic source and upper, pure, fine-grained serpentine. It is possible that rocks from Subunit HB underwent long periods of brecciation, reworking, and resedimentation, permitting a significant mixing Note that values for Samples 1 to 10 fall along a different line from the average Sr/CaO ratio line of calcareous oozes (Karpoff, 1989) . to occur. It is thus likely that these rocks have been exposed on the seafloor, where they underwent a superficial evolution including faulting, disaggregation, slumping, etc. Mafic components may derive from nearby scarps that expose forearc crustal basement or may be from volcanics that were emplaced previously within the ultramafic rocks. Although metabasalt clasts are present in Subunit IIA, it appears that this interval suffered less intense reworking and mixing. We may interpret this unit as resulting from the rapid emplacement of a serpentine-rich debris flow in which some exotic clasts have been incorporated. A second major limit is represented by the interval from which a foraminifer-rich serpentine microbreccia (Sample 15) was recovered. Fossils present indicate that this rock was exposed on the flank of the seamount during the Pleistocene, 1.45 Ma. Occurrence of aragonite needles within this sample confirms that this Figure 15 . Ni and Cr vs. A1 2 O 3 diagrams for the analyzed samples from Hole 778A. High A1 2 O 3 percentages correlate with low nickel and chrosediment underwent fluid interaction similar to that taking place at present on the flank of the seamount. This rather old superficial sediment is now found at about 22 mbsf within the serpentine section. This implies necessarily that it was subsequently covered by allochthonous serpentinitic material. This allochthonous material may very well be a new debris flow. In that simple case, at least three superposed serpentine flows were recovered in Site 778. In a more complex hypothesis, Sample 15 may have reached its present position because it was incorporated within a more important debris flow, which involved a significant pile of the seamount flank. Therefore, no definite constraints should exist on the detailed flow-stratigraphy of the hole. muds on the flanks of the Conical Seamount. We thank Patty Fryer, Lynn Johnson, and Jacques Girardeau for their help and comments during this work. John Sinton and an anonymous reviewer provided detailed and constructive reviews of the manuscript.
